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ABSTRACT

An array of 186 sheet-metal collector pads was placed
in a concentric circular pattern about ground zero (GZ) of a
near-surface nuclear explosion. The detonation, with a
yield of approximately 0.5 kt (4.53 X 10° kg), occurred at a
depth of 58 cm in desert alluvium. After the shot, when
residual radioactivity permitted, samples of ejecta and dust
(throwout) deposited on these collectors were obtained,
weighed, and analyzed for particle size. One hundred sam-
ples were thus recovered at distances ranging from 50 to
600 meters from GZ. In ballistic trajectories, large parti-
cles were found to have traveled the greatest distances;
deposition of very fine particles on the outermost rings is
postulated to have occurred at least partially as a result
of the base surge. Mass (weight) distribution of throwout
per unit area is tabulated and shown graphically as a func-
tion of radial distance from GZ, and comparisons with
similar experiments are made.

Effects of yield, depth of charge burial, and other
variables upon the ejecta equation are examined, as are

means of expressing the equation itself. Methods of
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predicting both ejecta areal density and thickness are pre-
sented and discussed, as are relations between certain
mechanics of crater formation, crater volume, and ejecta

volume.
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NOTATION

a coefficient for the dimensionless expression
of the ejecta equation

a coefficient for the ejecta equation written
for dimensionless distance from GZ, kg/m2
particle diameter

apparent crater depth, meters

effective diameter of an ejecta particle
depth of true crater, meters

first derivatives of the quantities shown
drag force

function

gravitational force

acceleration due to gravity, m/sec2

height above ground surface, meters

wnit vector in x-direction

unit vector in y-direction

a coefficient in the hyperbolic expreséion of
the ejecta equation, & = k "

a constant

unit vector in z-direction

11
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M'

M

0

|

|
an exponent in the ejecta equation denoting
decay of ejecta #real density with increasing
radial distance from GZ
mass of ejecta pgrticle
effective mass of ejecta particle
mass of the appa&ent crater volume, kg
mass of ejecta, kg ]
an exponent
common ratio of a geometric progression
apparent crater radius, meters
true crater radius, meters
radius vector describing the position of a
particle of ejecta; i.e. the magnitude and
direction of its slant range from the origin
radial distance (range) from GZ, meters
radial distance from GZ to the crater 1lip
crest, meters
the horizontal distance traveled by an ejecta
particle from its original position in the
crater, meters
time after detonmation, sec

thickness of ejecta deposition, meters

1
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el

the velocity of an ejecta particle with
respect to the ground

velocity at any given time

terminal velocity for a particle in inter-
mediate flow conditions

initial velocity

terminal velocity for a particle in streamline
flow conditions

terminal velocity

terminal velocity of a particle in turbulent
flow conditions

initial horizontal velocity

velocity at any time parallel to the x- or

y-axis

the velocity of an ejecta particle with

respect to the air (or medium) mass

3

apparent crater volume, m

that part of the volume of a crater caused by
8

compression and plastic flow, m

g

volume of ejecta, m

3

volume of ejecta at some value of R/fa, m

8

true crater volume, m

13
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X, ¥, 2

Zl

wind velocity

charge weight or yield expressed as equiva-
lent weight of TNT, kt or kg

axes of a three-dimensional coordinate system
scaled position of charge with reference to
the earth-air interface

scaled depth of burst, ft/ktl/?"h cr m/kgl/3
the specific value of ﬂf which describes the
direction of a constant horizontal wind,
degrees

specific weight (density) of ejecta, kg/m2
ejecta areal density; mass (weight) distribu-
tion, kg/m2

a coefficient

angle of elevation of ejected particle, meas-
ured from the vertical, degrees

angle of elevation of ejected particle at the
instant of ejection, degrees

angle between an ejecta particle velocity
vector and the horizontal

the angle between a particle velocity vector

and the horizontal at the instant of ejection

14
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K a constant associated with the dimensional
expression for drag fcrce on a particle
following a trajectory in a fluid

K., the constant K as applied to intermediate

flow conditions

KS the constant K as gpplied to streamline flow
conditions

K t the constant K as applied to turbulent flow
k conditions

A mean free path of air molecules

13 viscosity of a given medium

T a constant, = 3.1416

p particle density

p L density of the air

o strength properties of the cratered medium

J angle between the z-axis and the xz plane,
D degrees

(o) infinity

One dot (+) denotes the derivative with respect to time
e \
(7:1'%) . Two dots () denote the second derivative with

respect to time.
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CHAPIER 1

INTRODUCTION

1.1 OBJECTIVE

The objective of Project 1.5 was to determine the dis-
tribution of crater ejecta (throwout) resulting from the
detonation of a low-yield, near-surface nuclear device in
desert alluvium, including the distribution by weight

(or mass) and grain size.

1.2 PBACKGROUND

The mass movement of earth materials by surface and
near-surface nuclear detonations is of military signitf'icance
primarily because of its effects upon nearby military in-
stallations, especially thcese "hardened" to survive near-
misses of nuclear warheads. Damage caused by ejecta strik-
ing or covering antennas, missile site components, entrances
to protective structures, etc., presents a definite hazard.
The behavior of ejected material is also of interest in
peacetime projects involving nuclear energy, such as the
excavation of canals, harbors, etc.

Tne history of ejecta experiments shows a wide variety

of envirommental conditions. Because of the variation in

Excluded from automatic downgrading

and declassification

RESTRICTED DATA




media, data which are ultimately to be employed to support
scientific hypotheses will probably require treatment by
statistical methods, establishing probabilities, randomness
or variation, interdependence of variables, mean values,
standard deviations, and similar statistical parameters.
There is also a need for a more quantitative definition of
the parameters governing ejecta deposition, as well as their
association with scaled depth of burst, crater radius and
depth, etc. The sclution of these problems will require a
large amount of data. The Johnie Boy shot provided a means
of augmenting the inforﬁation available from the studies
discussed below and was of particular significance because
of its near-surface geometry.

Prior to Johnie Boy, 43 cratering shots had been made
which furnished usable crater-ejecta data. Several studies
have been made (References 1 through 10) of the areal depo-
sition and particle size distribution of throwout from cra-
ters produced by explosive charges ranging in size from a
few hundred pounds to 0.5 kt of high explosive (HE) and from
0.42 to 100 kt of nuclear explosive (NE). These studies
have in some cases been included as primary projects and in

other cases as secondary investigations. Charge positions

18
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have varied from that of a contact burst (resting wupon
ground surface) to a scaled depth of 0.68 m,/.kgl’/3

(216 ft/ktl/ 3 ) in several types of soil and rock. Forty
shots have been HE and three NE. Synopses of these in-
vestigations are provided in the following paragraphs.

1.2.1 Engineering Research Associates, Inc. (ERA).

ERA dust (ejecta) studies, conducted in Utah, included media.'
of sandstone, limestone, dry sand, dry clay, and wet clay,
and were performed with trinitrotoluene (INT) charges vary-
ing in size from 1.45 X 10° to 1.45 % 10° kg (320 to 320,000
pounds) placed at scaled depths of 0.14 to 0.40 m/ig 3

(4% to 127 f‘t/ktl/3). In the sand and clay studies, samples
were obtained at distances from ground zero (GZ) of 125 to
500 feet on smaller shots and to distances of approximately
3,100 feet on the larger shots. In the sandstone tests, the
sampling range was 50 to 1,000 feet for the small shots and
750 to 5,000 feet for the largest. The single limestone
test utilized sampling gages 50 to 250 feet from GZ. Re-
sults of these studies are summarized in Reference 1, and
additional tabulation and plotting of the data are included

in Reference 10.

19
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1.2.2 Suffield Experimental Station (SES). Two

contact shots, one of 5 tons and the other of 100 tons of
TNT, were fired on the Watching Hill site at the Suffield
Experimental Station in Ralston, Alberta, Canada, and throw-
out studies were made (References 3 and 4), The surface de-

“posits’at this site consist of silt and clay, underlain by
soft strata of clay, shale, sandstone, and gravel tc a depth
of 300 feet.

1.2.3 Nevada Test Site (NTS) Studies--HE Shots. Eight

HE cratering-ejecta experiments have been conducted at the
U. S. Atomic Energy Commission's Nevada Test Site: Scooter,
Stagecoach I and II, White Tribe, Jangle HE-2, and Buckboard
11, 12, and 13. Except for the Buckboard shots, which were
in basalt, and White Tribe, which was in caliche, the deto-
nations were conducted in desert alluvium. All were buried
shots except White Tribe, which dealt only with contact
bursts. Jangle HE-2 was, however, quite near the surface.
References 2, 5, 6, 8, and 9 report these events.

1.2.4 NIS Studies--NE Shots. In addition to Johnie

Boy, three NE cratering-ejecta experiments have been
conducted to date at NTS: Teapot Ess, Danny Boy, and
Sedan (References 2, 7, and 10). These three shots in-

volved deeply buried charges and therefore are not

20
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directly comparable to Johnie Boy.

1.2.5 Summary of Ejecta Data. Appendix A summarizes

in tabular form all usable cratering-ejecta experiments
known to the authors; the tabulation includes also the re-
sults obtained from Johnie Boy. Figures 1.1 and 1.2 are

selected, normalized ejecta curves from Reference 10.

1.3 THEORY

1.3.1 General. As shown in Reference 10, there is a

definite qualitative relation between ejecta distribution
and other cratering parameters, such a3z scaled depth of
burst, crater radius, depth, volume, etc. Thus, ejecta
parameters are affected by many of the same factors that
affect true and apparent crater formation, as well as by
weather (wind and, to a lesser degree, precipitation).
That is, apparent crater volume is dependent upon the size
of the true crater and upon the volume of the fallback ma-
terial. The apparent crater results from (1) ejection of
material from the crater, (2) flowage of material into the
upthrust region which lies beneath the crater lip, and (3)
compression of the in situ material that lies just beyond

the boundary of the true crater.
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Charge parameters include size, energy density, shape,
velocity of detonation, the pressure-time history of the de-
veloped gas bubble, thermal properties, efficiency, depth of
burial, and «ffective or scaled depth. Medium parameters
include density, strengths, homogeneity, compressibility,
stress wave attenuation properties, viscosity, and directly
related gravity effects.

Particle size distribution of the ejecta and its rela-
tion to air drag and wind effects are important elements in
determining the distance particles of a given size will
travel from the crater. For large particles (missiles),
ballistic trajectories are determined by the initial veloc-
ities imparted to the particles, the angles of elevation of
the trajectories, and the drag resistance of the atmosphere.
For small particles, the settling (terminal) velocities in
relation to wind become important. Thus the velocity field
generated by the explosion in the cratered material and the
degree of comminution largely determine the particle trajec-
tories and the distances the particles will travel from
their initial positions within the crater.

1.3.2 Cratering by Shallow Bursts. The interrelation

between cratering mechanisms varies with scaled depth of

22
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burst and the characteristics of the cratered medium. For

snallow bursts in sand and fine-grained soil, the mechanism

is dominantly that of viscous flow, and it is assumed to be
similar for tuff and alluvium. Reference 11 reports a com-
puter program developed for a theoretical model of a 2-Mt

surface burst, assuming that the input required (1) the his

tory of the nuclear explosion, (2) an equation of state for
the earth medium, and (3) an estimation of the energy par-
titioning. A hydrodynamic model was employed in the early
stages, and gravity was not a consideration in the crater
formation. The usual hydrodynamic equations for shock phe-
nomena were employed to describe the conservation of mass,
momenitum, and energy, with a pressure function of two vari-
ables, density and specific internal energy. Effects of
heat conduction and viscosity were neglected, although it
has been postulated (Reference 12) that viscous effects and
a consequent l/?-power scaling law may dominate the forma-
tion of craters that are produced by very large surface
bursts. The shock energy was governed by Hugoniot condi-
tions. Results obtained on the two-dimensional model thus
established were found tc be in reasonable agreement with

experimental observations.
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Although the model was developed for a 2-Mt burst in
tuff, the results shculd apply in principle to the Johnie
Boy experiment. Theoretically, the pressures and tempera-
tures of a small burst should be the same as those of a
large burst, analagous to the process of detonation of chem-
ical explosives (HE), where the peak temperature and pres-
sure are independent of the charge size, provided optimum
detonation velocity is achieved. It would also be expected
that the vectors in the velocity field would be geometri-
cally similar for identical scaled depths of burst of the
same explosive, with adjustments made for the actual and
gravity-induced differences in the properties of the media.

As a result of the very high pressures generated by a
nuclear explosion, alluvium not only flows but is consider-
ably compressed. It is estimated in Reference 2 that com-
pression of the surrounding material accounted for U4l per-
cent of the apparent volume of the Sedan crater. However,
Reference 13 indicates that the size of an explosion crater
is not materially affected by volumetric changes of the soil
within which the crater is formed. It appears logical to
assume that the soil is temporarily compressed, but recovers

most of its original volume, and that the apparent crater
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volume comprises principally contributions of ejecta volume
and plastic flowage of the soil.

The intense pressure of the detonation undoubtedly
causes both fusion and pulverization of surrounding soil and
rock. ©Small particles of ejecta are more severely affected
by air resistance, and séttling velocities relative to wind
velocity determine the distances to which small particles
will be carried. While no exact quantitative relations can
be derived theoretically concerning ejecta distribution,
velocity fields, and wind effects, a discussion of the basic
principles involved is given in Appendix B in order to offer
a partial, qualitative explanation and to indicate the areas

of need for more fundamental research.
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CHAPTER 2

PROCEDURE

2.1 SITE IOCATION

The Johnie Boy event was conducted in area 18 of the

NTS (see Figure 2.1).

2.2 ENVIRONMENTAL CONDITIONS

The test area was a relatively flat portion of an allu-
vial fan. The soil was gravelly sand, containing numerous
cobbles and exhibiting some cementation; there was little
variation in its composition to a depth of at least 80 feet,‘
the deepest boring made by personnel of the Soils Division,
U. S. Army Engineer Waterways Experiment Station (WES), dur-
ing the soils survey. Soil density, measured near GZ, was
approximately 1,870 kg/m3 (117 lh/ft3). The rather sparse
vegetation in the area consisted mostly of sagebrush.

The measured properties of the soil (Reference 1k4) at
the Johnie Boy site include stratification, soil type, water
content, mineral content, density, and particle size distri-
bution. Samples taken in the vicinity of GZ showed gravelly
sand with cobbles to a depth of 30 feet, with sand and occa-

sional cobbles to the full depth of the hole. Depth of the
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stratum with largest percentage of cobbles varied, being
generally greatest near GZ. Because of difficulties caused
by cobbles during the drilling of the upper 20 feet of the
soil, samples from this region are not considered truly
representative.

Mineralogical analysis showed that the larger sieve
sizes were composed of dense, light gray to pink volcanic
rocks, vesicular porphyries, and glassy particles. Almost
all of the particles were coated with a calcareous covering.
In general the samples consisted principally of rocks rang-
ing from soda dacite to rhyolite, with textures ranging from
porphyries to tuffs and highly glassy rocks with flow struc-
tures shown in elongated pebbtles.

The particle size curves in Reference 14 show much more
fine material below 30 feet, with an increase of plus No. 10
material above this level. For the near-surface detonation
of the Johnie Boy device, it would be expected that most of

the ejecta would come from above the 30-foot depth.

2.3 EXPERIMENTAL ARRAY

2.3.1 Geometry. A circular pattern of throwout col-

lectors (see Figure 2.2) was chosen due to (1) the somewhat
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unpredictable wind spectrum, and (2) the random circumferen-
tial variation in throwout deposition known to have occurred
in previous experiments. The greatest radial distance (600
meters) was chosen to represent 30 predicted crater radii,
the maximum distance at which recovery of identifiable
ejecta samples was anticipated. The minimum distance (50
meters) was selected to fall slightly outside the predicted
crater 1lip. The choice of seven circular rings of collector
paés was an arbitrary one, based largely upon limitations of
time and funds. With the foregoing conditions fixed, it was
assumed that throwout deposition would decrease with in-

creasing radial distance from GZ as a geometric progression

600
o °

the multiplier used to determine the radial distances of the

of common ratio, r . Therefore, r6 = and r = 1.5 ,
rings between 50 and 600 meters. The number of collectors
on each ring was approximately proportional to the circum-
ference of the ring, beginaing with a minimum of 12 on the
three inner rings. A total of 186 collectors was included
in the array.

2.3.2 Placement and Numbering of Collectors. Each

collector consisted of a 2.50-by-3.00-foot (0.70 m2) sheet-

metal pad. BSurvey for the collector layout was provided by
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Holmes and Narver, on-site arch:tect-engineers, who marke \»
all collector stations by means {f coded stakes., Where nec!

essary, a small area was cleared at each station, and col-

lectors were roughly leveled and criented. In some ceses,
as when stations fell on or near rcads, the collector posi-
tion was moved to one side far enouth to prevent its being
disturbed. Spikes driven through pra2drilled holes in the
metal pads served to secure collectors in place. In addi-
tion, collectors on the three innermost rings, which were
subjected to the greatest blast and shock, were set in con-
crete. The rings were lettered in alphabetical order, be-
ginning with A as the closest to GZ, and collectors on each
ring were numbered in clockwise fashion, number 1 being the
first station east of true north. Figure 2.3 is an aerial
view of the Johnie Boy site during preshot construction, in
which a portion of the Project 1.5 layout is visible. To
guard against preshot accumulation of debris, regular in-
spections of the collector rings were made until just prior

to shot time.

2.4 TEST CONDITIONS

The Johnie Boy shot was detonated at 0945 hours,
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11 July 1952, The weather was clear and warm, surface tem-

perature and relative humidity being recorded as 24.3 de-

ol

grees C and 12 percent, respectively. Surface winds were

from the south (195 legrees) at about 6 knots (7 mph).

Tlear- 2 L

2.9 RECOVERY OF TIROWOUT SAMPLES

It wvas important that the particulate deposition on the
collectors be recovered as soon as possible, in order to
nininize the effects of weather on the fine materlals. 1Ini-
tially, residual radiation made it necessary that examina-
tion of the collectors be limited to the outer rings and to
the southern portion of the array. Recovery beganon D + 1
(12 July) and continued intermittently (as radiation levels
permitted) until 26 July, at which time 135 collectors had
been examined and 73 samples recovered. The remainder of
the recovery work was accomplished on 11 October. Of the
186 collectors, 100 samples were obtained, 21 collectors
were dest.royed or buried by debris so as to make recovery
impracticable, and 3 collectors were found to have been dis-

turbed so as to render any samples on them useless. The

32

CONFIDENTIAL




‘ remainder (62) contained no identifiable deposition. Sev-

eral of the close-in pads had been dislodged by the force of
the blast, but the concrete bases were found in place, and

samples were taken from these. The init

= ~a -
efTOrYT WES s

E‘-

ward recovery of the maximum number of specimens in the
shortest time possible. Therefore, samples were sealed in
metal containers, which were marked and left in place. They
were later removed to a shelter about 4,000 feet from GZ,
where initial weighing was accomplished and data sheets were
prepared. The samples were then resealed and stored for
later sieve analysis. Figures 2.5 and 2.6 show the recovery

and weighing operations. The extent of sample recovery is

graphically illustrated in Figure 2.7.

2.6 SIEVE ANALYSES

WES Soils Division personnel performed sieve analyses
on 99 throwout samples (one was lost in handling) in Feb-
raary 1963. For this purpose, the sealed samples were
transported to CP-2 at NTS, the location of Reynolds Elec-
trical and Engineering Company's Rad-Safe office. Here they
were stored and processed in a shelter and trailer set aside

for that purpose and under conditions designed to facilitate
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radioactivity control and saigty measures. U. S. standard
sieves and a mechanical shake} were used. A second, more

accurate weight was also ob ed on each specimen. Small

LE
samples were analyzed in their entirety, while standard

w
quartering procedures*were employed to reduce large samples

to a more convenient size.

2.7 INVESTIGATION OF LRATER LIP

In June 1963, in conjunction with a study of crater

measurements, excavations were made in the region of the
crater 1ip to define the interface between the upthrust
original ground surface and the ejecta overburden. Figure

2.8 shows the area of this investigation, which was taken

to a distance of 46 meters (150 feet) from GZ. At the
greater distances, small’pits were dug, and the ejecta
thicknesses were measured. Where the crater lip was well
defined, trenches were dug extending north, east, and south
of the crater (to the west, excavation had already occurred
on another project), and the original ground surface was
mapped by means of conventional survey. The profile of the
crater 1lip, including the ejetta overburden, was also sur-
veyed. Apparent sliding and folding of bedding planes near
the crater edge made identification of the ground surface-
ejecta ihterface uncertain in some places. Observations
made by WES Geology Branch personnel are included as

Appendix C.
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Figure 2.1 Vicinity map, showing Nevada Test Site (NTS) and
the location of the Johnie Boy event in Nevada state coordi-
nates. Numerals are NITS area numbers.
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Figure 2.2 TLayout of experimental array.
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Figure 2.3 Aerial view of Johnie Boy site, showing part of
Project 1.5 layout. Activity is preshot survey, construc-
tion, etc. Note concrete crosses used for ground reference
stations. Apparent asymmetry in layout is caused by dis-
tortion in photograph.
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Figure 2.4 Shot geometry, Johnie Boy.
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Figure 2.5 Typical sample recovery.

Figure 2.6 1Initial weighing and recording of samples. The
Howe scale had a 300-pound capacity in L/h-pound gradua-
tions; the Soiltest scale (in use) had a 35-pound capacity
in 0,01-pound graduations.
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Figure 2.7 EJjecta sample recovery.
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Figure 2.8 Close-in investigation of ejecta deposition.
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CHAPTER 3

RESULTS

3.1 MASS DISTRIBUTION

Figure 3.1 is an aerial stereopair of the Johnie Boy
crater, showing the lip and the general pattern of ejecta
distribution. Weights of recovered samples are given in
Table 3.1. Recovery of ejecta samples from the A ring was
poor due to the effects of the blast and to the ejecta
thickness, which made it difficult to locate the collector
pads. The recovery for rings B through G was satisfactory;
however, some of the collecgors on F and most of those on G
had no readily discernible ejecta deposited on them. The
sample weight data are also presented graphically on an
ejecta distribution map (Figure 3.2). Although at shot time
there was a 7-mph wind from 195 degrees true azimuth, it had
no apparent effect upon ejecta distribution.

The thickness of ejecta deposition near the crater lip
is shown, together with the upthrust of the ground surface,
in Figure 3.3. Tables 3.2 and 3.3 give ejecta thicknesses
in the region of the crater 1lip. These data were obtained

on three radials only, and they provide a general
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representation of ejecta profiles, which actually exhibited
a considerable circumferential variation. For detailed pro-
files of the 1lip crest, see Appendix C. Preshot and post-
shot contour maps were employed to calculate the total ver-
tical change in surface elevation near the crater (see
Figure 3.4). The contours in Figure 3.4 reveal the amount
of upthrust and throwout; they were obtained by referring
all elevations to a horizontal plane through the (preshot)

GZ.

3.2 PARTICIE SIZE DISTRIBUTION

Each sample was screened through U. S. standard screen
sizes 1-1/2-inch, 3/h-inch, No. 10, and No. 200, or with
Nos. 8 and 16 in place of No. 10 (see Table 3.4). For pur-
poses of analysis and graphical comparison, the screen frac-
tions obtained with Nos. 8 and 16 were converted to an ap-
proximate distribution corresponding to thet for No. 10 only
by placing one-quarter of the No. 16 fraction with the No. 8
fraction and the remaining three-quarters with plus No. 200.
The adjusted No. 8 fraction was then assumed to define the
No. 10 fraction.

The cumulative distribution for each ring was
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calculated using the total weight of each screen fraction
for all samples in the ring. For the F and G rings, how-
evzer, samples F-1 and G-32 were omitted from the calcula-
tions because their weights were very large compared with
the other samples in those rings, and their inclusion would
have biased the values of the cumulative distributions.
Their omission is permissible because the total cumulative
distribution gives weight in proportion to the weights of
the individual screen fractions, and any statistical treat-
ment to determine significant samples requires that the sam-
ples obtained be representative of the population from which
they are drawn. As each ring was selected to represent a
stratum which was presumably homogeneous in character, those
samples which do not fall into the pattern of homogeneity
may be rejected. Although there are mathematical tests to
determine the acceptability of samples, the general charac-
ter of the data here does not seem to Jjustify the applica-
tion of detailed, rigorous mathematical criteria.

The cumulative particle size distributions of the
composite ring samples and those for the in situ alluvium

(from Reference 14) are shown in Figure 3.5.
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s -EJ'ECTA PHOTOGRAPHY

Six photographs of the fireball and early trajectory
history of the Johnie Boy shot, taken for a project con-
ducted by Edgerton, Germeshausen, and Grier, Inc. (EG&G),
show the phenomena accompanying the near-surface burst at
times ranging from 0.48 to 5.62 sec after detonation

(Figure 3.6).
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Ejecta
‘Weight of Weight of Distribution

Specimen

Metric
Specimen

Field
1b

Distance

from GZ.
meters

TABLE 3.1 MASS DISTRIBUTION OF EJECTA
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TABLE 3.2 EJECTA THICKNESSES AT SELECTED STATIONS

True Azimuth EJjecta Thickness |
27.43 meters 36.57 meters 45.72 meters
(90 feet) (120 feet) (150 feet)
from GZ from GZ from GZ
degrees meters meters meters
22.5 0.46 0.06 0.09
ks.0 0.21 0.15 0.15
67.5 0.18 " 0.27 0.12 ~
90.0 0.55, 0.55 0.15
112.5 0.30 0.21 0.12
135.0 0.40 oragh 0.09
157.5 0.30 0.40 0.40
180.0 0.79 0.61 0.15
202.5 0.34 0.12 0.06
225.0 0.18 0.18 0.09
247.5 0.21 0.09 0.09
270.0 0.30 0.2k 0.18%
292.5 0.12 b 0.18
315.0 0.34 0.12 0.15
337.5 0.61 0.24 0.30
360.0 0.hkg 0.30 0.12

4 Area disturbed; thickness estimated.
Area disturbed; no measurement taken.
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TABLE 3.3 EJECTA THICKNESS THROUGH CRATER LIP

North (O Degree
True Azimuth from GZ) Trve Azimuth from GZ)

East (90

Degree

South (180 Degree

True Azimuth from GZ)

Distance EJjecta Distance Ejecta Distance Ejecta
from GZ Thickness from GZ Thickness from GZ Thickness
meters meters meters meters meters meters
23.77 1.83 21.95 0.30 22.16 0.30
24.38 1.92 22.86 0.3% 22.86 1.0k
25.91 1.34 24.38 0.37 2h.38 1.49
27.43 0.49 25.91 0.40 27.43 0.79
28.96 0.64 27.43 0.55 30.48 0.34
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